The cytogenetic effect of the herbicide alachlor was determined in cultured mouse spleen cells in vitro and in mouse somatic and germ cells in vivo. A dose dependent increase of chromosomal aberrations was observed in cultured mouse spleen cells after treatment with the concentrations 10
Alachlor (Fig. 1) is a selective pre-or post-emergence herbicide for control of annual grasses and broad leaf weeds in brassicas, soyabeans, peanuts, cotton, sugar cane and corn (Agrochemicals 1983 , Genter et al. 2002 , Hackett et al. 2005 . It acts as a herbicide by inhibiting protein synthesis in susceptible plants (Weed 1979) .
Alachlor was generally negative in the salmonella assay for gene mutations, and negative for gene mutation and DNA damge/repair in other bacterial systems (Dearfield et al. 1999) .
Alachlor was tested in a variety of mammalian genotoxicity assay systems. Several investigations reported that alachlor is clastogenic and induces DNA damage in vitro in CHO cells and in human lymphocytes (Dearfield et al. 1999) . Two in vivo chromosome aberrations assays with alachlor presented mixed results. In 1 study dose related clastogenic effects were found in bonemarrow cells of Wistar rats given alchlor as a single injection (Georgian et al. 1983 ). However, a drinking water study in B 6 C 3 F 1 mice did not detect clastogenic activity by alachlor (Dearfield et al. 1999) .
In the present work alachlor is tested for the induction of chromosome aberrations, SCE's (Sister chromatid exchanges) in bone-marrow cells, abnormalities in the chromosomes of spermatocytes and sperm shape in mice. Also, the cytotoxicity and chromosome aberrations are measured in cultured mouse spleen cells in order to evaluate the genotoxicity of this important herbicide.
I. In vitro studies

Cell culture
The spleen cell culture was prepared according to Moorhead et al. (1960) .
Toxicity
Spleen cells cultured for 24 h were exposed to a wide range of alachlor concentrations 10 Ϫ7 to 10 Ϫ3 M/ml medium. The number of viable cells was estimated using trypan blue and a Neubauer chamber. The percentage of viable cells was determined from 3 separate experiments for each alachlor concentrations.
Chromosomal aberrations
Spleen cells were exposed to different concentrations of alachlor for 24 h the full culture period. The concentrations used were 10 Ϫ7 , 10
Ϫ6
, 10 Ϫ5 and 10 Ϫ4 M/ml medium. Five separate cultures were taken for each concentration. Colchicine was added to the cell cultures 24 h prior to harvesting. The cell pellet was suspended in 0.075 M KCl at 37°C for 20 min and the cells were fixed in methanol : acetic acid (3 : 1), dropped on to dry slides, air dried and stained with Giemsa in phosphate buffer (pH 6.8). At least 100 well spread metaphases were analyzed for chromosomal aberrations/experiment.
A separate experiment was conducted using distilled water (negative control) and mitomycin C at final concentration 0.15 mM (Positive control). Five separate experiments were conducted using each concentration. At least 100 well spread metaphases per culture were analyzed for chromosomal aberrations.
II. In vivo studies
Male Swiss mice aged 8-10 weeks and weighted 25-30 g obtained from a close random-bred colony at the National Research Centre were used. Food and water provided ad libtum.
Chromosome aberrations
Mice were orally treated by gavage with alachlor at 10, 20 and 30 mg kg consecutive days, and were killed 24 h after the last treatment. Mice were injected with colchicine at 10 mg kg Ϫ1 b.wt., 2-3 h before killing. Bone-marrow metaphases were prepared following the method of Yosida and Amano (1965) and stained with phosphate buffer Giemsa. At least 100 metaphases were analyzed per animal.
For preparation of spermatocytes at diakinesis-metaphase 1, testes were dissected out and processed according to Evans et al. (1964) . For chromosomal aberrations 5 mice were taken for each treatment and 100 well spread metaphase I (MI) cells were analyzed per animal.
Sister chromatid exchange (SCE's)
A 5-bromodeoxyuridine (Sigma) tablet weighting 55Ϯ5 mg was implanted subcutaneously in mice, and the animals were injected intraperitoneally with colchicine solution 22 h later. The bonemarrow cells were fixed and stained with fluorescence plus Giemsa (Perry and Wolff 1974) and at least 40 well spread metaphases were analyzed.
Sperm-shape abnormalities
Mice were orally treated by gavage with the doses 10, 20, 30 and 40 mg alachlor kg Ϫ1 b.wt. for 5 consecutive days. Animals were killed 35 d after administering the first dose, their epididymides were excised and minced in isotonic sodium citrate solution (2.2%). Smears were prepared after staining the sperms with Eosin (Wyrobek and Bruce 1978) . At least 1000 sperms per animal were assessed.
Statistical evaluation
The significance of differences between experimental and control data was calculated using studient's t-test, the level of 0.05 was taken as significant and the level of 0.01 as highly significant.
Results
In vitro studies 1. Toxicity
The percentage of viable cells decreased gradually with increasing the concentration of alachlor. It reached 87.67% and 40.48% after treatment of cultured spleen cells with 10 Ϫ7 and 10 Ϫ3 M alachlor/ml medium respectively (Fig. 2 ).
Chromosome aberrations
Increasing the concentration of alachlor affected increase in the percentage of chromosome aberrations in the cell cultures.
The 2 higher concentrations of alachlor induced a highly significant percentage of chromosome aberrations even after excluding gaps (p<0.01). The induced structural chromosome aberrations were chromatid gaps, fragments, breaks, deletions and Robertsonian translocations. Numerical aberrations in the form of tetraploid cells were observed in a low percentage (Table 1) .
In vivo studies and p<0.01) after excluding gaps (Table 2) . Alachlor induced structural and numerical chromosome aberrations gaps, deletions, fragments, breaks, Robertsonian translocations and tetraploid cells were observed (Table 2 and Fig. 3a, b) .
b) Spermatocyte cells
It is evident from Table 3 b.wt. for 3 and 5 consecutive days induced a highly significant percentage of chromosome aberrations (p<0.01) Table 3 . Autosomal and X-Y univalent dominated (Fig. 3c, d) , however, the frequency of X-Y univalents was higher. Translcoations in the form of chain IV were observed after treatment with the 2 higher doses. Table 4 and Fig. 3e, f) show that oral treatment with the doses 10, 20, 30 and 40 mg alachlor kg Ϫ1 b.wt. induced a dose-dependent increase in SCE's frequency in bone-marrow cells. A highly significant value was observed after oral treatment with the doses 30 and 40 mg alachlor kg Ϫ1 b.wt. where, it reached 9.04Ϯ0.53 and 9.31Ϯ0.64/cell (p<0.01) respectively compared with 4.70Ϯ0.27 in non-treated mice and 12.0Ϯ0.49/cell (p<0.01) in mice i.p. injected with 1 mg kg Ϫ1 b.wt. mitomycin C (positive control). Table 5 shows the various morphological sperm-shape abnormalities observed in control and the treated animals. The percentage of abnormalities increased by increasing the doses of alachlor. The dose 40 mg alachlor kg Ϫ1 b.wt. was the only dose which induced a significant percentage (p<0.01) of sperm shape abnormalities (Table 5) .
Sister chromatid exchanges (SCE's)
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Discussion
The cytogenetic effect of the herbicide alachlor is studied in vitro in cultured mouse spleen cells. The concentrations 10
Ϫ5
, 10 Ϫ4 M alachlor/ml medium induced a significant (p<0.01) percentage of chromosome aberrations after excluding gaps, where the percent- age of viable cells at those concentrations was 72.43% and 63.79% respectively. The present results are in agreement with those of in human blood cultures (Georgian et al. 1983) and in CHO cells (Erexson et al. 1993) .
In vivo chromosome aberrations assays with alachlor are rare, usually measuring the aberrations in bone-marrow cells. In the present investigation the effect of alachlor is studied on the induction of chromosome aberrations and SCE's in bone marrow cells in addition to its effect on the chromosomes of spermatocytes and sperm abnormalities in orally treated mice. Repeated oral treatment by gavage for 3 and 5 successive days with the doses 10, 20 and 30 mg alachlor kg Ϫ1 b.wt. increased chromosome aberrations (p<0.01) in a dose and time dependent manner in bone-marrow cells. Most of the treatments with alachlor induced Robertsonian translocations.
Reciprocal translocations were present in spermatocytes in the form of chain IV, however, in a low frequency after some treatments with alachlor. This indicates that alachlor induced chromosome damage in germ cells. Separation of chromosomes forming univalents was the most common type of aberrations. Numerous mutagens were shown to increase the frequencies of chromosomal univallency in mouse spermatocytes (Allen et al. 1986) , and X-Y univalents were more often separated than autosomes. This phenomenon has been observed in spermatocytes of mice after treatment with other chemical agents e.g. the insecticides dursban, (Amer et al. 1998) , Lannate (Amer and Ibrahim 2001) and the herbicide glyphosate. Increase of this type of aberrations may lead to sterility (Amer et al. 2006) .
According to Amer et al. (2006) the induced effect on the chromosomes in 1ry spermatocytes is not dependent on the chemical structure of the used pesticide. The types of chromosome aberrations induced in 1ry spermatocytes of mice treated with alachlor were also observed in 1ry spermatocytes of mice treated with other pesticides having different chemical structures for example, the organophosphorous insecticide pirimiphos-methyl (Aly and Fahmy, 1995) , the pyrethroid insecticide Fenvalerate the fungicide benomyl (Amer et al. 2003) and the herbicide glyphosate (Amer et al. 2006) .
Alachlor increased SCE's frequency in a dose dependent manner in mouse bone-marrow cells. It may be mentioned in this respect that, 2 potential metabolites of alachlor, diethylaniline (at 3-30 mM) and diethylquinoneimine (at 0.1-0.3 mM) were found to induce SCE's in cultured CHO cells and cultured human lymphocytes, respectively (Hill et al. 1997) .
Sperm morphology has the potential to identify chemicals that induce spermatogenic dysfunction and perhaps heritable mutations (Wyrobek et al. 1983) . Evidence that sperm shape abnormalities were induced by selected mutagens and carcinogens has been reported (Wyrobek and Bruce 1978, Fahmy 2000) . In the present study, a significant increase (p<0.01) in the percentage of sperm shape abnormalities occurred after treatment of mice with the highest tested dose of alachlor. In this respect it may be mentioned that Ashby et al. (1997) reported that no effect on caudal sperm counts or mortality and a small increase in the incidence of sperm head with straightened hooks was observed in rats treated with the chloroacetanilide herbicide acetochlor.
EPA (1984, 1987) reported alachlor to be carcinogen in laboratory animals. It represents a high health hazard on a toxicological basis being a carcinogen, class B2 (USEPA, 1993). Alachlor caused nasal, thyroid and stomach tumors in rats and was not carcinogenic in mice (Heydens et al. 1999) . Also, the herbicide induced olfactory mucosal tumors in rats in a highly ordered temporal process (Wetmore et al. 1999) .
The carcinogenicity of this compound involves a complex metabolic active pathway leading to DNA-reactive diethylbenzo-quinoneimine (Acquavella et al. 1996) . Dearfield et al. (1999) reported that, all of the chloroacetanilides contain the direct acting active chlorine on the methylene carbon a to the carbonyl group. This type of active electrophile reacts preferentially with "soft" nucleophiles such as glutathione (GSH) and other SH-containing moieties. Thus, the chloroacetanilides and some of their metabolites are expected to reach with and 2007 cause depletion of GSH. Depletion of GSH would be particularly harmful to tissues with relatively low level of endogenous GSH (e.g. blood, nasal tissue, stomach), thus rendering them more susceptible to the toxic action of these and other types of reactive intermediates.
Although the carcinogenic potential of alachlor and its hazardous effect are reported in a number of previous studies (EPA 1984 , 1987 , Heydens et al.. 1999 , Dearfield et al. 1999 and Genter et al. 2002 it is still widely used in agriculture (Lee et al. 2004) . The results of the present studies reveal the genotoxicity of alachlor in the different mouse cells analyzed. This has to be taken in consideration when using this herbicide.
